The covalent modification of Ca-ATPase with FITC (Lys-515) enabled the formation of a stable covalent phosphoenzyme. 1 Two-dimensional vesicular crystals of this phosphoenzyme have been produced from SR vesicles in the presence of decavanadate. 2 However, these crystals were too small to be analyzed for structural information. We devised a procedure to produce long tubular crystals from native SR vesicles 3 and report here the crystallographic analysis that yields a projection map for the phosphorylated ATPase.
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The covalent modification of Ca-ATPase with FITC (Lys-515) enabled the formation of a stable covalent phosphoenzyme. 1 Two-dimensional vesicular crystals of this phosphoenzyme have been produced from SR vesicles in the presence of decavanadate. 2 However, these crystals were too small to be analyzed for structural information. We devised a procedure to produce long tubular crystals from native SR vesicles 3 and report here the crystallographic analysis that yields a projection map for the phosphorylated ATPase.
In our crystallization conditions freeze-thaw cycles promote SR vesicle fusion and lead to formation of tubular crystals. Optimal growing time was generally two to four days. Electron micrographs of negatively stained samples showed crystalline arrays spreading over the entire length of the tube (FIG. 1A) . These arrays appeared to be composed of double-stranded ribbons. The phase error of the Fourier components obtained after averaging indicated that all the symmetry-related reflections were reliable up to 20-Å resolution, and the projection density map was calculated at this resolution. This projection map for the phosphorylated ATPase (FIG. 1D) was compared with a projection at the same resolution of the nonphosphorylated ATPase (FIG. 1E) In both cases, the unit cell contains two protein monomers related to each other by a twofold axis of symmetry. FIGURE 1F exhibits a superposition of phosphorylated and nonphosphorylated dimers of CaATPase. Intermolecular contacts between phosphorylated ATPase monomers seem to be stronger than between the nonphosphorylated monomers within the dimer. Phosphorylated monomers seem to be smaller than nonphosphorylated ones.
Many previously described protocols for producing tubular crystals point to the importance of the lipid-to-protein ratio. Destabilization and fusion of SR vesicles by freeze-thaw cycles are considered 3 to change this ratio locally and may permit easier fusion of phospholipid-rich areas. We found that decavanadate plays a significant role in the vesicle fusion, and the spatial redistribution of ATPase by decavanadate increases the segregation effect of the freeze-thaw process (data not shown). The fusion process permits formation of large sheets containing two distinct lipid-toprotein ratio areas. Sheet edges are protein rich and contain crystalline arrays, while the rest of the sheet is phospholipid rich. We hypothesize that sheets provide a reservoir of crystalline arrays of Ca-ATPase that leads to growth of long tubular crystals. The 20-Å projection maps of phosphorylated and nonphosphorylated CaATPase show similar dimeric organization of protein in the unit cell. The outer contours of the two conformations are very similar, suggesting that only limited rearrangement of the cytosolic domains has occurred as a result of phosphorylation, at least in this conformation with empty calcium sites. The determination of three-dimensional structure of the phosphorylated form of the sarcoplasmic reticulum CaATPase by cryoelectron microscopy is in progress.
